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ABSTRACT 
Machining of metals is the most universal and major stage of manufacturing system. It involves 
forcing of the cutting tool through the excess material of the work-piece, thereby rendering 
work-piece to a desired shape and size. So in present modern technology processes, optimization 
of machining parameters is one of the key necessities. For the case of turning operation, 
unbroken chips pose a major obstacle for maintaining accurate machining processes. The 
continuous chip generated during turning operation deteriorates the work-piece precision and 
causes safety hazards for the operator. Effective chip control is necessary for automatic 
production system because any failure in chip control can cause the lowering in productivity and 
the worsening in operation due to frequent stop. Chip control in turning is difficult in the case of 
stainless steel because chips are continuous. So the development of a chip breaker for stainless 
steel is an important topic for the automation of turning operations. In this study, the role of 
different parameters like speed, feed and depth of cut are studied. 
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INTRODUCTION 
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INTRODUCTION 
 
Machining is the broad term used to explain the process of shaping by the removal of material 
from the workpiece which results in chips. The geometrical and metallurgical characteristics of 
the chips represent the level of performance of the processes. They bear witness to most of the 
physical, chemical and thermal phenomena occurring during the machining. 
In today‟s era of modern manufacturing, methods require maximization in productivity. With the 
introduction of Computer Integrated Manufacturing (CIM) system and Flexible Manufacturing 
System (FMS) there has been maximum increase in productivity. For the rigorous demands in 
industries, the quality of cutting tools has been improved continuously to obtain better cutting 
techniques. 
However, numerous chips are being generated in less time by these methods which require better 
control of long continuous chips which is one of the most important factors concerning 
performance of the workpiece. When the chips are out of control, it may lead to machine failure 
which directly affects productivity. 
The chip shape generated in machining process is closely related to product productivity. If a 
wrong chip shape is generated, time and money is lost due to safety hazards to the operator, 
damage of production tools and work-piece surface and not to mentionthe loss in productivity 
due to frequent halt in the production machine. 
Failure in chip formation control is closely related to the surface roughness of the workpiece, 
accuracy of product, and wear of tool etc. However, chip breaker performance testing needs 
significant time and effort. Developing new cutting inserts necessitates forming, sintering, 
grinding, and coating processes, extends developing time and involves expensive research. 
Chip control is required to perform reliable operation in automated machining systems. Better 
chip control requires predictability of chip form/chip breakability for a given set of input 
machining parameters. But, it is difficult to determine the chip formation process due to the 
complex mechanism of chip formation under various combinations of machining conditions with 
numerous process parameters involved. 
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1.1CHIP BREAKER 
 
A chip breaker is the tool which has a modification in the form of groove or an obstacle attached 
on the inclined face of the tool. A chip breaker can be used for increasing chip breakability 
which results in better chip control and maximum productivity. It also decreases cutting 
resistance, and gives a good surface finish to the workpiece which also leads to a greater tool 
life. A chip breaker is usually used for improving chip breakability by decreasing the chip radius. 
The chip breaker pattern affects chip breakability. 
The principle of chip breaker is that crack is generated by the force and moment acting on chip 
plane. 
The process of metal cutting by a single point cutting tool produces narrow and long chips that 
lead to problems such as difficulty in chip handling, surface damage of products, jumbled 
together and safety hazards for the operator. Therefore, it is important to cut chips to the 
appropriate size. 
Chips produced during metal machining usually curl, and may strike against workpiece or tool, 
leading to chip breaking. Patterns and sizes of broken chips are different depending on 
deformation mechanism and collision position. The generated chip makes continuous curling and 
it is known that chip breakability increases when we decrease the up curling radius and down 
curling radius of a chip clearance that is formed at this time. 
In determination of chip pattern, it is to be ensured that proper external force is applied to the 
chip, as it increases the fracture strain of the chip and decreases the radius of the chip. 
Parameters like depth, land, breadth, radius of the chip breaker play an important role in 
determining the chip breakability. These factors lead to better designs of chip breaker.Indeed, 
much research has been accomplished, but it is difficult to break chips in the finishing of 
stainless steel.ut 
 
1.2CLASSIFICATION OF CHIP PATTERN  
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Chips are classified either on the basis of mechanism of chip formation or the initial shape of the 
chip. Chip pattern has been distinguished by CIRP and INFOS, but each classification is very 
similar. Chip form is classified by INFOS as illustrated in figure 1.1 
 
 
Figure-1.1Classification of Chip Pattern based on INFOS [3] 
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CHAPTER 2 
BRIEF DISCUSSION OF THE PROJECT 
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2.1 Need and purpose of chip-breaking 
 
Continuous machining like turning of ductile metals, produce continuous chips, which leads to 
their handling and disposal problems. The problems become sensitive when ductile but strong 
materials like steels are machined at high cutting velocity for high material removal rate by flat 
rake face type carbide or ceramic inserts. The sharp edged hot continuous chip that comes out at 
very high speed 
1. becomes risky to the operator and the other people working in the environment 
2. creates difficulties in chip disposal 
3. may impair the finished surface by entangling with the rotating job, 
Therefore it is essentially needed to break such continuous chips into small regular pieces for 
1. safety of the working people 
2. avoidance of damage of the product 
3. Easy collection and disposal of chips. 
Chip breaking is done in appropriate way also for the additional purpose of better machinability 
by reducing the chip-tool contact area, cutting forces and crater wear of the cutting tool. 
In this project, parameters like cutting speed, feed, depth of cut will be studied and how they 
affect the chip breakability, so that better control of chip can be done. 
 
2.2 Machinability of Stainless Steel: 
The carbon content of steel greatly influences its machinability. High-carbon steels are difficult 
to machine because they are rigid and because they may contain carbides that scrape the cutting 
tool. On the other end, low-carbon steels are troublesome because they are too soft. Low-carbon 
steels stick to the cutting tool, resulting in a built up edge that shortens tool life. Therefore, steel 
has the best machinability with medium amounts of carbon, about 0.15-18%. Chromium, 
molybdenum and other alloying metals are often added to steel to improve its strength, but most 
of these metals also decrease machinability. 
Inclusions in steel, especially oxides, may roughen the cutting tool. Machinable steel should be 
free of these oxides. 
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Stainless steels have poor machinability compared to regular carbon steel because they are 
tougher, gummier and tend to work harden very rapidly. Slightly hardening the steel may 
decrease its gumminess and make it easier to cut.  
Why should we machine Stainless Steel? 
                  One of the major advantages of the stainless steels, and the austenitic grades in 
special is their competence to be fabricated by all the standard fabrication processes. The 
common austenitic grades can be bent, cold and hot forged, deep drawn, spun and roll formed. 
Because of the materials' high strength and very high work hardening rate all of these processes 
need more force than for carbon steels, so a heavier machine may be needed. Austenitic stainless 
steels also have very high ductility, so they are in fact capable of being very heavily cold formed, 
despite their high strengths and high work hardening rates, into items such as deep drawn 
laundry troughs. Few other metals are capable of achieving this degree of deformation without 
splitting. 
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CHAPTER 3 
LITERATURE REVIEW 
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3.1 EXPERIMENTAL STUDIES ON CHIP BREAKER: 
 
J.D.Kim et.al. [1], has given stress on the use of attached type chip breakers from the view of 
tool strength and also emphasized that the characteristics of chip flow is the function of nose 
radius, cutting speed, inclined angle and curvature of workpiece. It shows that the thickness of 
chip is directly proportional to feed rate and inversely proportional to shear angle. It also clearly 
states that low and medium cutting speeds lead to better breaking conditions whereas at high 
cutting speeds, a side curls chip changes to a snarled chip. 
 
R.M.D. Mesquita et.al [2], conceived a method for the determination of cutting forces 
whenmachining with cutting tools with chip breakers, which can be used to forecast the cutting 
forces for a different range of cutting conditions (feed and depth of cut), taking into account 
theeffective side-rake angle and the indentation force components. The effective side-rake angle 
must be established from the geometry of the chip breaker. The indentation force is dependent of 
the depth of cut. 
 
Hong-Gyoo Kim et.al [3], came up with the finding that as the chip breaker depth increases, and 
the width decreases,  performance of chip breaking becomes better at the finishing area. 
However, the chip breakability was good at the roughing area as the depth decreased and the 
width increased. 
 
N.S.Das et.al [4] showed that the breaking strain in the chip is the most important factor on 
which chip breaking depends and a method was suggested for determining chip breaker distance 
for any given feed and chip breaker height for effective chip breaking. It also showcased that the 
chip breaking criterion is based neither on specific cutting energy nor on material damage which 
can be taken as adequate criterion for chip breaking. 
 
K.P.Maity et.al. [5] demonstrated that the optimum position of the chip-breaker is around 13- 14 
times the uncut chip-thickness, with step-height equal to four times the uncut chip thickness, 
since the cutting forces become minimum at these positions. There is no chipbreaking effect 
when the chip-breaker position is more than 28.8 times the uncut chip thickness. The minimum 
10 
 
position of the chip-breaker is around 17 times the uncut chipthickness for all possible modes of 
deformation. 
 
M. Rahman et.al [6], has dealt with a three-dimensional model of chip flow, chip curland chip 
breaking, taking into account the geometrical, the kinetic, as well as the mechanical features. For 
all these, a set of equivalent characteristic parameters was defined and a relationship was 
developed between these and the actual machining parameters. 
 
G. Sutter et.al [7], presented a „dimensional analysis‟ of the root chip in orthogonalcutting. 
Different models of the chip length contact were validated with observations from experimental 
measurements. The chip thickness ratio tends to 1 when the uncut chipthickness increases. The 
principle of minimum rate of work was confirmed with the effect ofthe cutting speed on the 
shear angle. 
 
Ihsan Korkut et.al [8] presented a paper on optimum cutting parameters during machining of 
AISI 304 austenitic stainless steel. He determined that tool flank wear decreases with increase in 
cutting speed and that the surface roughness values exhibited a decreasing trend with increasing 
cutting speeds. 
 
K.A. Abou-El-Hossein et al [9] presented a paper on high speed end-milling of AISI 304 
stainless steels using new geometrically developed carbide inserts. It stressed that increase in 
cutting speed can cause drastic reduction in tool life. Feed variation at high cutting speeds has 
less effect on tool life. 
 
3.2 Principles of chip-breaking: 
The principles and methods of chip breaking are generally classified as follows: 
1. Self breaking: This is accomplished without using a separate chip-breaker either as an 
attachment or as an additional geometrical modification of the tool. 
2. Forced chip breaking by additional tool geometrical features or devices 
 
(a) Self breaking of chips 
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Ductile chips usually become curled or tend to curl (like clock spring) even while machining 
with tools with flat rake surface due to unequal speed of flow of the chip at its free and generated 
(rubbed) surfaces and unequal temperature and cooling rate at those two surfaces. With the 
increase in cutting velocity and rake angle (positive) the radius of curvature increases, which is 
more dangerous. In case of oblique cutting due to presence of inclination angle, restricted cutting  
 
The curled chips may self break: 
 
1. By natural fracturing of the strain hardened outgoing chip after sufficient cooling 
andspring back as indicated in Fig (a). This kind of chip breaking is generally observed 
under the condition close to that which favors formation of jointed or segmented chips. 
 
2. By striking against the cutting surface of the job, as shown in Fig (b), mostly under pure 
orthogonal cutting. 
 
3. By striking against the tool flank after each half to full turn as indicated in Fig (c). 
 
 
(a)natural                                  (b) striking on job                (c) striking on tool flank 
 
 
Figure 3.1 Principles of self breaking of chips [15] 
 
(b) Forced chip-breaking 
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The hot continuous chip becomes hard and brittle at a distance from its origin due to 
workhardening and cooling. If the running chip does not become enough curled and work 
hardened, it may not break. In that case the running chip is forced to bend or closely curl so that 
it breaks into pieces at regular intervals. Such broken chips are of regular size and shape 
depending upon the configuration of the chip breaker. 
 
Chip breakers are basically of two types: 
 
• In-built type 
 
• Clamped or attachment type 
 
In-built breakers are in the form of step or groove at the rake surface near the cutting edges of the 
tools. Such chip breakers are provided either 
 
After their manufacture – in case of HSS tools like drills, milling cutters, broaches etc and brazed 
type carbide inserts. 
During their manufacture by powder metallurgical process – e.g., throw away type inserts of 
carbides, ceramics and cermets. 
13 
 
 
W=width                       H=height                     P=shear angle 
Figure 3.2 Principle of forced chip breaking [15] 
 
Some commonly used step type chip breakers are: 
• Parallel step  
 
• Angular step; positive and negative type  
 
• Parallel step with nose radius – for heavy cuts.  
 
Groove type in-built chip breaker may be of  
 
• Circular groove or  
 
• Tilted Vee groove  
14 
 
 
As schematically shown in Fig 4  
 
Figure 3.4: Different types of chip breakers used [15] 
 
Clamped type chip breakers work basically in the principle of stepped type chip breaker but have 
the provision of varying the width of the step and / or the angle of the heel. 
 
a. With fixed distance and angle of the additional strip – effective only for a limited domain of 
parametric combination. 
b. With variable width  only  – little versatile 
c. With variable width , height  and angle – quite versatile but less rugged and more expensive. 
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3.3 EFFECTS OF THE USE OF CHIP BREAKER 
 
The favourable & unfavourable effects on the use of chip breaker are 
1. Favourable effects  
a) safety of the operator(s) from the hot, sharp continuous chip flowing out at high speed  
b) convenience of collection and disposal of chips  
c) chances of damage of the finished surface by entangling or rubbing with the chip is 
eliminated  
d) More effective cutting fluid action due to shorter and varying chip tool contact length.  
 
2. Unfavourable effects  
(a) chances of harmful vibration due to frequent chip breaking and hitting at the heel or flank 
of the tool bit  
(b) More heat and stress concentration near the sharp cutting edge and hence chances of its 
rapid failure.  
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CHAPTER-4 
EXPERIMENTAL WORK 
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4.1 Experimental details 
The turning experiments were carried out using uncoated cemented carbide inserts in a HMT 
NH26 lathe machine. The grades and composition of the turning inserts (Make: Widia) have 
been provided in Table 4.1. The machining trials were performed with three cutting speeds (Vc) 
100, 150, and 200 m/min with a feed (f) of 0.1, 0.15, 0.2 mm/rev and a depth of cut of (t) of 0.1, 
0.2 mm under dry environment. The tool holder used for machining is ISO PCLNR 2525M12 
(Kennametal, India). The work piece material used for present work was AISI 316 austenitic 
stainless steel of diameter 80 mm and length 300 mm. The composition of the workpiece 
material has been given in Table 4.2. The mechanical properties of the AISI 316 austenitic 
stainless steel has been given in Table 4.3 
Table-4.1 Details of cutting tools 
S.N Cutting Tool ISO Grade and 
Specification 
Composition 
1 Uncoated Cemented carbide 
insert 
P30 
SCMT120408 
WC-
Co+TiC+TaC 
Table-4.2 Composition for AISI316 grade austenitic stainless steels 
Elements C Mn Si P S Cr Mo Ni N 
Weight 
% 
0.03 2.0 0.75 0.045 0.03 18.0 3.0 14.0 0.10 
Table-4.3 Mechanical Properties of AISI 316 grade austenitic stainless steel 
Mechanical Properties Values 
Ultimate Tensile Strength (Mpa) 579 
Yield Strength (Mpa) 290 
Elongation Percentage (mm) 50 
Rockwell Hardness B79 
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Figure-4.1: HMT NH26 Heavy Duty Lathe Machine 
 
The chip thickness and chip diameter are measured using the Tool Maker Microscope shown in 
the below fig. 4.2 
19 
 
 
Figure-4.2: Tool Maker Microscope 
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4.2 EXPERIMENT TABLE 
Table 4.1 Observation table for the experiment 
Run 
No 
Depth 
of 
cut(mm) Feed(mm/rev) Speed(m/min) 
Chip 
Thickness(mm) 
Chip 
Diameter(mm) 
Chip 
Length(mm) 
Chip 
Reduction 
Coefficient 
1 0.1 0.1 100 0.165 4.183 324.35 1.65 
2 0.1 0.15 150 0.207 5.246 51.32 2.07 
3 0.1 0.2 200 0.326 3.308 44.56 3.26 
4 0.1 0.1 100 0.16 3.757 4.52 1.6 
5 0.1 0.15 150 0.275 3.026 6.48 2.75 
6 0.1 0.2 200 0.262 8.636 936.64 2.62 
7 0.1 0.1 100 0.465 10.358 620.67 4.65 
8 0.1 0.15 150 0.248 3.074 27.67 2.48 
9 0.1 0.2 200 0.104 4.95 968.98 1.04 
10 0.1 0.1 100 0.229 6.013 983.32 2.29 
11 0.1 0.15 150 0.181 2.661 165.45 1.81 
12 0.1 0.2 200 0.182 3.782 78.89 1.82 
13 0.1 0.1 150 0.102 1.926 66.72 1.02 
14 0.1 0.15 200 0.146 13.735 36.42 1.46 
15 0.1 0.2 100 0.17 3.905 131.21 1.7 
16 0.1 0.1 150 0.179 3.656 484.82 1.79 
17 0.1 0.15 200 0.244 2.83 443.56 2.44 
18 0.1 0.2 100 0.165 3.434 92.28 1.65 
19 0.2 0.1 150 0.271 2.659 442.34 1.35 
20 0.2 0.15 200 0.323 2.623 132.24 1.61 
21 0.2 0.2 100 0.308 4.979 41.42 1.54 
22 0.2 0.1 150 0.276 1.409 68.67 1.38 
23 0.2 0.15 200 0.324 1.408 32.56 1.62 
24 0.2 0.2 100 0.394 4.803 44.52 1.97 
25 0.2 0.1 200 0.259 2.542 28.78 1.29 
26 0.2 0.15 100 0.404 2.544 21.12 2.02 
27 0.2 0.2 150 0.223 3.858 52.24 1.11 
28 0.2 0.1 200 0.409 2.613 118.92 2.04 
29 0.2 0.15 100 0.398 2.45 26.72 1.99 
30 0.2 0.2 150 0.246 3.848 44.45 1.23 
31 0.2 0.1 200 0.293 3.82 158.89 1.46 
32 0.2 0.15 100 0.406 4.089 480.1 2.03 
33 0.2 0.2 150 0.316 4.057 67.92 1.58 
34 0.2 0.1 200 0.255 4.819 345.52 1.27 
35 0.2 0.15 100 0.201 4.044 724.43 1.005 
36 0.2 0.2 150 0.372 5.924 18.52 1.86 
21 
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INTRODUCTION 
The photographs of the chip obtained are presented in figure 5.1, figure 5.2 for the cutting speed 
100,150,200 m/min at feed of 0.1,0.15,0.2mm/revolution. 
 
Figure 5.1 Chips produced at depth of cut=0.1mm for various speed & feed 
23 
 
Figure 5.2 Chips produce at depth of cut=0.2mmfor various speed & feed 
 
5.1 RESPONSE SURFACE METHODOLOGY FOR CHIP REDUCTION COEFFICENT 
The experimental results were analyzed by RSM using Minitab software. RSM explores the 
correlation between several descriptive variables and one or more response variables. The main 
plan of RSM is to use a set of designed experiments to obtain a most favorable response. 
Using this method, various tables were analyzed to see the relationship of different variables and 
their significance. 
From the table 5.1., analyzing of variance shows that the terms having the values of probability 
less than 0.05 are significant. All the linear, square and interaction terms are significant for the 
model. The value of lack of fit is more than 0.05, which asserts that that the model is adequate. 
From the table 5.2 of estimated regression coefficients using coded units has a few terms having 
probabilities above 0.05. From table 5.3, we conclude that the cutting speed, s and depth of cut, d 
are significant along with their higher order terms. 
24 
 
In the figure 5.4, the histogram of residuals is shown that has a normal distribution with a few 
observations deviating from the normal curve. If this assumption is valid, a histogram plot of the 
residuals should look like a sample form of a normal distribution. 
The graph of normal probability plot vs.residuals shows that most of the points are near the line 
implying the residual is normal. Observations showing standardized residual greater than 2 are to 
be investigated and the experiments may be repeated to get the adequate model. A normality 
probability plot of residuals can similarly be conducted. If the underlying error distribution is 
normal, the plot will resemble a straight line and there will be considerable departure from a 
normality appearance when the sample size is small. Commonly a residual plot will show one 
point that is much larger or smaller than the others. These residuals are usually called outliner. 
One or more outliners can misrepresent the analysis. Usually, outliners are caused by the 
erroneous recording of information. If this is not the case, further analysis should be conducted. 
This data point may give additional insight to what should be done to improve a process 
dramatically. 
 
For a good model fit this plot should show a random scatter and should have no pattern. 
Common description includes the following: 
• Outliner: which emerge as a point that is either much higher or lower than 
normal residual value. These points should be investigated. It is possible that 
there could have been wrong entry of data. Evaluation of the sample provides 
further knowledge that leads to major process equipment break through. From 
Fig. 5.4 shows normal probability plot that signifies, there are no outliers as all 
the points lie between ± 2 . 
• Non constant variance: where the difference between the lowest and highest 
residual values either increases or decreases for an increase in the fitted values. 
A measurement instruction could cause this where error is proportional to the 
measured value. In Fig. 5.4, the residual vs. fitted values show that there is an 
increase of variance with the fitted value. 
• Poor model fit: where for example, residual values seem to increase and then 
decrease with an increase in the fitted value for the described situation, a 
quadratic modelmight possibly be a better fit than a linear model. In Fig. 5.4, the 
histogram of residual show that residues are not normally distributed. 
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In figure 5.3 the graph of residuals vs fitted values, the ξ values which are greater than 2 are 
insignificant. 
 
Table 5.1: Analysis of Variance for ξ 
Source Degree of freedom Seq SS Adj SS Adj MS F P 
Depth of cut 1 0.55631 0.55631 0.55631 4.52 0.078 
Feed 2 0.07852 0.06931 0.03466 0.28 0.764 
Speed 2 0.18866 0.18866 0.09433 0.77 0.506 
Residual Error 6 0.73898 0.73898 0.12316   
Total  11 1.56267     
 
Table 5.2:Estimated Regression Coefficients for ξ (The analysis was done using coded units.) 
Term Coefficient SE Coefficient T (Statistics) P value 
Constant 1.79135 0.1013 17.682 0.000 
Depth of 0.1 0.21531 0.1013 2.125 0.078* 
Feed 0.10 -0.04392 0.1480 -0.297 0.777* 
Feed 0.15 0.11025 0.1480 -0.297 0.777* 
Speed 100 0.15992 0.1480 1.081 0.321* 
Speed 150 -0.15725 0.1480 -1.063 0.329* 
S = 0.3509   R-Sq = 52.7%   R-Sq(adj) = 13.3% 
*Insignificant at 95% 
 
Table 5.3: Response Table for Means for ξ 
Level Depth of cut Feed Speed 
1 2.007 1.708 1.935 
2 1.576 1.901 1.623 
3  1.765 1.816 
Delta 0.431 0.193 0.312 
Rank 1 3 2 
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Figure 5.3 Main effects plot for Means of chip reduction coefficient with respect to depth of cut, 
feed, and speed 
 
Figure 5.4: Residual Plot for Means of chip reduction coefficent 
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5.2 RESPONSE SURFACE METHODOLOGY FOR CHIP DIAMETER 
Response surface study was performed on the other output parameter chip diameter. Table 5.4 
shows regression plot for the coefficients to the different terms in the equation for determination 
of chip diameter before the modifications. In this table coefficients for different parameters, 
square of parameters and interaction of parameters are given. Depth of cut has a very important 
effect on the response value. Term for which P value is more than 0.05 are considered to have 
negligible effect on the value of the response. Here we neglect such terms to get the truncated 
solution. R-square value is 38.8% and all the analysis was done using non coded units. 
 
 
Figure 5.5: Main effects plot for Means of chip diameter with respect to depth of cut, feed, speed 
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Figure 5.6: Residual Plot for Means of chip diameter 
Table 5.4: Estimated Model Coefficients for Means for chip diameter 
Term Coefficient SE Coefficient T P 
Constant 4.13200 0.5471 7.553 0.000 
Depth of 0.1 0.78325 0.5471 1.432 0.202* 
Feed 0.10 -0.32850 0.7990 -0.411 0.695* 
Feed 0.15 -0.01157 0.7990 -0.014 0.989* 
Speed 100 0.26298 0.7990 0.329 0.753* 
Speed 150 -0.86275 0.7990 -1.080 0.322* 
S=1.895R-Sq=38.8%R-Sq(adj)=0.0 
*insignificant at 95% 
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Table 5.5: Analysis of Variance for Means for chip diameter 
Source Degree of Freedom Seq SS Adj SS Adj MS F P 
Depth of cut 1 7.362 7.3618 7.3618 2.05 0.202 
Feed 2 1.920 0.8388 0.4194 0.12 0.892 
Speed 2 4.400 4.3996 2.1998 0.61 0.573 
Residual Error 6 21.547 21.5475 3.5912   
Total 11 35.229     
 
Table 5.6: Response Table for Means 
Level Depth of cut Feed Speed 
1 4.915 3.588 4.480 
2 3.349 4.270 3.187 
3  4.538 4.729 
Delta 1.566 0.950 1.542 
Rank 1 3 2 
 
5.3 Response Surface Methodology for chip Length 
Response Surface Regression: Chip Length versus f, V, d 
Response surface analysis was performed on the other output parameter chip length.  
Table 5.7 shows regression plot for the coefficients to the different terms in the equation for 
determination of chip length before the modifications. In this table coefficients for different 
parameters, square of parameters and interaction of parameters are given. Term for which P 
value is more than 0.05 are considered to have negligible effect on the value of the response.Here 
we neglect such terms to get the truncated solution. R-square value is 43.6% and all the analysis 
were done using non coded units. 
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Table 5.7: Analysis of Variance for Means for chip length 
Source Degree of freedom Seq SS Adj SS Adj MS F P 
Depth of cut 1 50433 50433 50433 1.88 0.219 
Feed 2 37541 55317 27658 1.03 0.412 
Speed 2 36371 36371 18185 0.68 0.543 
Residual Error 6 160955 160955 26826   
Total 11 285299     
 
 
Table 5.8: Estimated Model Coefficients for Means for chip length 
Term Coefficient SE Coefficient T P 
Constant 215.29 47.28 4.553 0.004 
Depth of 0.1 64.83 47.28 1.371 0.219* 
Feed 0.10 99.12 69.06 1.435 0.201* 
Feed 0.15 -52.22 69.06 -0.756 0.478* 
Speed 100 34.19 69.06 0.495 0.638* 
Speed 150 -80.12 69.06 -1.160 0.290* 
S = 163.8   R-Sq = 43.6%   R-Sq(adj) =0.0% 
*Insignificant at 95% 
 
Table 5.9: Response Table for Means for chip length 
Level Depth of cut Feed Speed 
1 280.1 294.4 237.8 
2 150.5 174.6 159.9 
3  176.9 248.2 
Delta 129.7 119.8 88.2 
Rank 1 2 3 
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Figure 5.7: Main effects plot for Means of chip length with respect to depth of cut, feed, speed 
Figure 5.8: Residual Plot for Means of chip diameter 
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CONCLUSION: 
 
Chip Length decreases with increase in depth of cut, decreases with respect to feed and become a 
steep line value & first decreases & then increases with respect to speed. 
 
Chip Reduction coefficient decreases with increase in depth of cut, increases & then decreases 
with respect to feed & decreases & then increases with respect to speed.  
 
Chip Diameter decreases with increase in depth of cut increases and becomes a steep line value 
with respect to feed & decreases & then increases with respect to speed.  
 
Chip Thickness increases with increase in depth of cut, increases and then decreases with 
increase in feed & decreases & then increases with respect to speed.  
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